Good quality lighting promotes better learning. Good quality classroom illumination improves mood, behavior and concentration of students. Lighting contributes to around 20% -30% of electricity consumption in an academic institute. It is important to cut energy costs as availability of energy is a matter of concern. There should be greater effort to optimize the usage of energy in lighting installations. Energy efficiency in an academic institution does not mean compromising the comfort level of staff and students. The objective of this work is to conduct a lighting energy audit in a class room of academic institution. The results of the audit suggest that there is ample scope for improvement. Lighting energy audit was useful in understanding the lighting level distribution throughout the classroom. It is important to create awareness to optimally use energy in an educational institute. Using energy efficient equipment and use of appropriate controls is the best way to improve the lighting and efficiency in the academic institution. The paybacks of implementing the energy efficiency measures in academic institution are significant both in terms of savings energy and cost.
Introduction
Balanced illumination is a vital part in an interior environment. It is impossible to create a pleasing environment without proper lighting. Illumination is essential to identify and define an interior. Light helps to define an interior in terms of spatial size, depth, ambience and appearance. An energy audit is an evaluation of energy consumption in a domestic, commercial, or any other premises. It is generally used to determine where energy can be saved, conserved or used more efficiently. Energy audits apply energy analysis methods to evaluate patterns and trends of energy consumption and efficiency opportunities in households, government agencies, and private commercial and industrial firms. The lighting energy audit in an educational facility is a practicability study. The audit identifies the energy consumption pattern amongst different services and also opportunities for energy saving. The data generated by energy audit helps to implement the energy management program. This energy management program will build the strategy for continually controlling the energy consumption pattern of the facility. In academic institutions a major component of energy is spent in illuminating the interior of the building.
This project mainly aims at optimization of energy consumption in an academic institution using lighting energy audit. The existing lighting system in the installation under consideration was not designed optimally as the luminaires were not placed and oriented correctly. So, the lighting system had ample scope for improvement in terms of lighting quality energy and cost savings.
In a lighting installation if a luminaire with higher luminous efficacy is used, consequently this will reduce the number of fixtures. Further when the luminaries are spaced far apart to maintain an even spacing in the room the area lying exactly in the middle of these luminaries tend to become dark. With help of lighting simulation tools one can redesign a lighting installation with keeping in mind optimization of energy consumption. Until now energy assessment was not stressed by the authorities in academic institutions due to lack of initiative. With increasing cost of electricity the need of the hour is to save energy and explore more efficient ways to use electrical appliances. The efficient and effective use of lighting can offer major energy cost saving.
Literature review
The starting point for any lighting energy audit would be existing lighting scheme. With this input the audit provides detailed information on retrofitting or replacing of existing luminaires, with complete cost of project, annual energy savings and payback calculations. After the calculations and necessary modifications, it is important to verify the illuminance levels on the task planes before and after changeover to make sure that ample levels are maintained after the lighting system is modified.
It is possible to identify energy efficient measures that can be implemented in the school building. The measures identified are electricity related and involve efficient lighting, power factor improvement and control equipment besides the optimization of the contracts with the electricity supplier [1] [2] [3] . The identification of energy efficient measures that can be implemented in a particular building requires the analysis of the energy flow in the building, which is one of the main objectives of an energy audit.
Researchers have recommended methodology to appraise the performance of lighting systems in terms of energy usage and optimization of energy use. If implemented during the design stage the methodology can help in optimizing the performance of the lighting system. Appraisal of energy performance of illumination system is very vital for energy and green certification of academic institutions. Practical methods have been suggested to appraise and to certify performance of luminaires and their control system in terms of optimization of energy usage [4] .
Studies have proposed practices to benchmark energy consumption of lighting systems in existing and new facilities. The importance of integration of natural and artificial lighting is assessed for every building zone. The concept of lighting power density as applied for daylit and non-daylit areas and actual working hours during day and night are considered in this methodology. The calculations allow a trade-off between HVAC and lighting systems in the facility [5] .
Efforts for optimizing energy consumption in lighting should concentrate towards using new energy efficient lighting equipment, promoting localized task lighting, and implementing automated lighting control schemes to avoid energy wastage during daylight hours and unoccupied periods. Automated lighting controls allow maintaining the required service illuminance by integrating natural and artificial lighting, this also allows to save energy costs and improves visual comfort. Creating an integrated automated lighting control is a very key part of the lighting design process. Studies have compared switching and dimming of luminaires with or without luminaire retrofit in order to assess energy costs and comfort levels [6, 7] . From the energy audit of commercial building, audit data can be analyzed to identify deficiencies of building energy usage [8] . Energy audit is done to understand the energy consumption profile of HVAC and lighting systems. It can be inferred from the energy audit results that occupancy and environmental conditions are key factors in understanding total energy consumption. Major energy guzzler in a commercial facility is the HVAC system followed by lighting.
It important to think ways to manage energy intelligently and reduce energy costs at the same time maintain required quality understanding the opportunities and risks involved. This will help in planned decision making. For an academic institute use of efficient equipment, best lighting design practices and appropriate lighting control schemes should form the energy management program. Selection of luminaire depends on the spatial characteristics of the room to be illuminated and the task to be performed. Energy audit is important for all kinds of commercial facilities. Energy audit in general indicates opportunities for conservation of energy. In certain cases the energy saving could be as much as one fourth of annual energy costs [9] . Natural light allows reducing energy consumption and consequently energy costs. Automated lighting control schemes can adapt in such way that both natural and artificial lighting can be integrated in efficient way [10] .
Objective of the Work
The main objective of the work was to perform lighting energy audit by taking a case study of frequently used modern classroom of an academic institute. Depending on audit findings suggest ways to optimize energy consumption.
Background Theory
Energy audit is assessment and analysis of energy consumption in a commercial facility. It is required to find out ways to reduce and optimize energy consumption in the facility without affecting the productivity and comfort levels of occupants. In similar lines lighting energy audit is to assess the existing lighting system and recognize ways of reducing annual energy expenses. In the name of energy efficiency one should not comprise on comfort, health and safety of the occupants. Lighting audit is not about identifying the sources of energy consumption, it gives importance to energy usage according to the greatest to least cost effective opportunities for energy savings.
It is a general misconception in academic institutes that it is more cost-effective to leave fluorescent lighting (typical used in schools and colleges) on than to switch on and off as required. It was a practice in schools and colleges to use less energy efficient luminaires in the bygone days as the energy prices were cheaper then. Over designing lighting systems was a common practice then. The situation has changed as energy is becoming a scarce commodity there is a need to optimally use it.
The following points provide the information needed to successfully carry out a lighting audit at an educational facility.
1. Facility visit to review the existing lighting system.
2. To observe areas of with very high or very low lighting levels, identifying factors leading to visual discomfort that may slow down productivity or compromise safety.
3. Identifying areas where luminaires are switched ON needlessly.
4. Recording the details of existing luminaires, their mounting height, number, size and location.
5. Lighting measurements are recorded at work areas and for general lighting purpose like corridors and pathways.
6. Identifying possibilities for retrofitting, conversion or replacement of luminaires. 7. Feasibility of switching from general lighting to task lighting can be considered. 8. Possibilities for changing surrounding reflectance around the task area can be considered. This improves the contrast and help occupants to identifying moving parts or objects thereby improving safety.
Keeping the lighting levels mentioned in Indian standards as baseline information academic institutes can adopt lower illumination levels without sacrificing any of the benefits of good quality lighting. Energy saving potential in a facility may be attractive, but other factors which may affect visual comfort and safety must be considered in consultation with manufacturers and lighting designers.
Methodology
Analysis of existing lighting system was done. The class room was examined for work place including physical condition of classroom, its processes, and occupancy time and energy consumption pattern. The room is divided into (1m x1m) grid at the working plane height of 0.85m, the illuminance levels at the corners of each grid was taken at different timings of the day. The data is used to study the lux level distribution pattern. Photometric analysis of the luminaire installed in the class room was conducted. Classroom is lit with recessed parabolic fluorescent 2' x 2' fixtures are shown in figure 1 below. Figure 1 Recessed parabolic T5 fluorescent fixture used in classroom.
A site visit to inspect the explicit characteristics of the existing lighting system is the basis of the lighting energy audit. Areas where identified with very high or very low lighting levels, identifying factors that lead to visual discomfort that may slow down productivity or compromise safety. It's important to note the age and condition of the existing luminaires. Find out manufacturers and make of the existing luminaires to help establish photometric and electrical characteristics. Determine the condition of the optical system of fixtures. Deterioration optical system of the fixtures causes excessive loss of efficiency. It is important establish the environmental conditions of the space for dirt depreciation. Identify the activities of the end-users in the space. Paying important attention to occupants' ages, and the type of work is being performed.
Figure 2 Flow chart of a lighting energy audit
Identify the type of switching used for lighting control and establish whether there are any automated lighting controls or another type of lighting control system. As discussed earlier it is important to check all work surfaces with a lux meter to establish existing lighting levels. Reflectance's of the walls, floors and ceiling of the space need to be noted. This will facilitate the design using computer simulations for designing the replacement lighting system. After all the possible and feasible retrofit, conversion and replacement options were examined, a plan for the thorough alteration of the lighting system was devised. Such a plan integrates simple modifications and major improvements into a unified, energy efficient lighting system. 
Results and analysis
The horizontal illuminance measured on the reference grid determines of the performance of a lighting installation. For lux measurement, it is recommended to define a grid with a grid spacing of 1m × 1m. The average illuminance required in a classroom for visual task of 300 lux by Indian standards. The present installation has 14 luminaires resulting in an average illuminance of more than 400 lux an overdesign of 25%. The required illuminance can be achieved with only 9 luminaires. This is direct reduction of 35% of luminaires this again can be translated into cost savings and energy savings.
Conclusions
The energy audit was useful in identifying energy consumption. Some of the observation from the audit is listed below:  Light levels throughout the classroom should not differ greatly from the light level on the desks. Large variations in brightness will cause distraction and fatigue. It was observed from lighting level measurements and computer simulations the average lighting level was around 400 lux compared to 300 lux as recommended by Indian standards. The level of 300 lux can be achieved with the help of 9 fixtures instead of 14 fixtures which is currently in practice. So, the current design is consuming 40 per cent more energy compared to the proposed design.
Proper integration of daylight with artificial light will help in optimizing the energy consumption and thereby reducing the overall cost. To look for possibilities to reduce energy usage by incorporating energy efficient lighting system, equipments and layout changes. The goal of academic lighting is to create an effective total visual environment for learning, dependent on a three dimensional pattern of brightness and colors. It takes into emotional and aesthetic values.
The implementation of energy efficient measures, without compromising comfort level of occupants, can significantly reduce energy consumption in buildings, the energy bills and the correspondent greenhouse gas emissions. An energy audit is the procedure undertaken to identify what, when, and how energy is used in a building and it is the first step to improve the energy efficiency of buildings by identifying opportunities to reduce energy consumption.
